Lassa fever is a viral hemorrhagic fever caused by Lassa virus (Lassa mammarenavirus), a negative-sense singlestranded
to limited data on Lassa fever, the immune responses against it and its pathogenesis are poorly understood. [6] As such, it is not well understood how viral infection leads to sepsis-like symptoms, cytokine storms or bacterial co-infection. [11] [12] There are several pathways involved in the pathogenesis of Lassa fever. [4] [13] Similar to the pathogenesis of sepsis, induction of uncontrolled cytokine expression can be triggered by Lassa virus infection. [4] Systemic viral-induced immunosuppression can also be implicated in severe Lassa virus infections. [4] Two immunoglobulins (IgM and IgG antibody isotypes) are produced in Lassa virus infected persons, because both can be present in viremic persons, and possibly only non-neutralizing antibodies are produced early in the infectious process, this makes the antibodies to remain present in many people across West Africa. [4] [13] While late antibodies are protective because they neutralize the virus, Early antibodies are not neutralizing making them resistant; [4] [13] this is because proteinous surface of the Lassa virus is protected by under-processed glycans form with structurally distinct clusters. [6] [14] [15] The main underlying feature of Lassa fever is that the vascular bed is attacked by the virus, with resultant micro-vascular damage and changes in vascular permeability. [4] [16] Secondary resultant of capillary leak syndrome and reduced blood volume may include increased cardiac activity, local tissue acidosis, anoxia and reduction in blood circulation, thus leading to the shock syndrome. [16] Generally it is clear that liver damage occurs in almost all cases of Lassa fever in different levels. [4] Pre-renal acute kidney failure, lactic acidaemia, hyperkalaemia and reduced perfusion and oxygenation of vital tissues follows and progress to fatal outcome. [16] [17] The secondary effects of micro-vascular damage include alterations in pulmonary function due to several mechanisms. [17] Frequency (epidemiology)
Estimating the true incidence and mortality of Lassa Fever is extremely difficult due to the non-specific clinical presentation; poor surveillance systems; sizeable human migration, uneasy landscape and lack of standard laboratory confirmation. [19] Nevertheless, Lassa virus frequently infects people in West Africa (Figure 2 ) with approximately 80% being asymptomatic. [20] Studies show up to 300,000 -500,000 cases and about 5,000 deaths annually. Lassa fever is endemic in some parts of West Africa, which include Sierra Leone, Liberia, Ghana, Guinea and Nigeria. [20] There have been reports of Lassa fever in neighboring countries; In 2016, two cases were reported in Togo, [21] and 6 confirmed cases in Benin. [22] In the US on 25 May 2015, there was a confirmed case in a US returnee from Liberia. [23] There have also been reports of imported cases of Lassa fever in European countries including Sweden, [24] Germany, [25] The Netherlands [26] and the United Kingdom. [27] Figure 2 | Lassa Fever Outbreak Distribution Map. Countries reporting endemic disease and substantial outbreaks of Lassa Fever in blue. Countries reporting few cases, periodic isolation of virus, or serological evidence of infection in green. Countries with unknown status in grey. [18] Centers for Disease Control and Prevention, public domain
Outbreak in Nigeria
In Nigeria, from 1 January to 20 May 2018, 1940 suspected cases have been reported from 21 states. [28] Of these, 431 were confirmed positive, 10 are probable, 1495 negative. [28] [1] A total of 6489 contacts have been identified in 20 states since January 2019 to March 2019, a total of 2034 suspected cases have been reported from 21 states. [28] Of these, 526 were confirmed positive, 15 were probable and 1693 negative (not a case). [28] Out of these, 17 health care workers have been affected in six states, with four deaths (case fatality rate= 29%). [28] Presentation Lassa fever has an incubation period of 6 -21 days. [1] The onset of lassa fever is usually asymptomatic and when symptomatic it is usually subtle, starting with fever and malaise. When it progresses, it presents with sore throat, headache, achy muscle, nausea, vomiting, chest pain, diarrhea, cough, and abdominal pain. [1] [29] In critical cases systemic involvement occurs with the following:
• Respiratory: pleural effusion, epistaxis, rales, rhonchi, stridor, cough, wheezing, pharyngitis, and dyspnoea [17] [30] • Gastrointestinal: hematemesis, melena, gingival bleeding, dysphagia, hepatitis, and hepatic tenderness [17] [30] • Renal: hematuria, dysuria [17] • Cardiovascular: pericarditis, hypotension, and tachycardia [17] [30] • Nervous: encephalitis, cloudy sensorium, seizures, disorientation, coma, unilateral or bilateral hearing deficit [17] [30] • Vascular: petechial and ecchymotic cuteneous lesions, facial and cervical edema [17] [30] Temporary hair loss and gait interference may occur during recovery. [1] [31] Lassa fever is usually fatal within 14 days of inception. [1] [32]
Causes and transmission
Lassa virus is zoonotic, [1] [33] as it spreads specifically from Natal multimammate mice (Mastomys natalensis). [1] [33] The mice are the most abundant rodents in equatorial Africa, omnipresent in households and consumed as food in some areas. [34] Infection occurs by exposure to rat excreta directly or indirectly via contaminated foodstuffs. [33] Infection can also occur by inhalation of tiny particles (aerosols) of infectious materials, but airborne transmission is unlikely as there is no evidence to support that. [1] It is possible to acquire infection through broken skin or mucous membranes that is directly exposed to infectious materials, and through rat bites. [1] [33] In addition, the virus can also be contracted via contaminated hospital equipment, such as re-used needles and improper sterilization. [1] The presence of Lassa virus in the semen indicates high risk of sexual transmission but viral load is not enough to cause infection. [35] Diagnosis Clinical diagnosis of Lassa fever is usually difficult, this is as a result of its vague symptoms. [1] Lassa fever is hard to differentiate from other febrile diseases such as malaria, typhoid, influenza, relapsing fever, leptospirosis and other hemorrhagic fevers e.g. yellow fever, dengue, Marburg and Ebola. [1] [36]
The following laboratory tests can be conducted: [1] • Enzyme-linked immunosorbent assays (ELISAs) can be used to detect specific immunoglobulin G (IgG) or viral antigens in acute serum samples from persons with Lassa fever (it can be detected even in acute phase). [37] • Reverse transcription polymerase chain reaction (RT-PCR) assay can be used in early stage to detect the virus using inactivated virus. it is very helpful in areas where Biosafety Level 4 (BSL4) laboratories cannot be found especially in west Africa. [38] • Virus cultivation and identification technique (virus isolation by cell culture). However, this requires 3 -10 days or longer for definitive identification. [39][40] • Blood cultures to differentiate from other pathogens (e.g. typhoid) [41] and blood smear to differentiate from malaria parasite [42] as the virus can present concomitantly with other diseases. [32] • General biochemical tests such as full blood count, erythrocyte sedimentation rate; hematocrit volume (to exclude anemia); white blood cell count (to exclude lymphopenia); platelet count (to exclude thrombocytopenia), coagulation studies (to exclude coagulopathies) and liver and kidney function tests (serum liver enzymes have been found to be positive clinical markers). [43] The WHO guidelines for the collection, storage, and handling of Ebola virus specimens testing can be ad-hered to when testing for Lassa virus. [44] Thorough adherence to biosafety level 4 (BSL-4) precautions is pertinent when handling suspected specimens. [44] However, BSL-4 laboratories are limited worldwide, when not available, samples should be handled in biosafety level 2 or 3 cabinets or preferably they should be inactivated so as to be handled under BSL-2 precautions. [44] [45] In West Africa false-negative results were reported due to the probe or antibody pairs not adequately binding to the target, This could be due to the high diversity of nucleotide and amino acid of the Lassa virus isolates sequenced. [44] For instance, a widely used RT-PCR assay in West Africa [44] was modified when when primer-template mismatch was found to give false negatives results. [44] Currently, two national laboratories in Nigeria are supporting the laboratory confirmation PCR tests. [46] All the samples are also tested for Ebola, dengue and yellow fever (which have so far tested negative). [46] Treatment
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Supportive (symptomatic) management includes bed rest; close observation and monitoring; serial laboratory tests; analgesics (e.g. Ibuprofen); tepid sponging and antipyretic drugs (e.g. acetaminophen) to reduce fever; antiemetic drugs (e.g. metoclopramide and promethazine); prompt fluid and electrolyte replacement; diuretics (e.g. furosemide) for fluid retention; oxygen therapy; blood and or platelet transfusion; and management of other complications. [47] In terms of specific management, early initiation of ribavirin is most effective treatment. [48] Intravenous interferon may also be given alongside ribavirin. [49] 
Ribavirin
The generic drug ribavirin is a synthetic broad-spectrum antiviral nucleoside (guanosine). [ 
Medical use
Ribavirin is the primary drug of choice in treating Lassa fever infection. [50] It has also shown effectiveness in treating other viral infections like hepatitis B. [50] [51]
Contraindications
Documented or known hypersensitivity, compromised renal function, or renal failure (creatinine clearance <30 ml/min), pregnancy, hemoglobinopathies (e.g. thelassemia major, sickle cell anemia with hemoglobin level less than 8 g/dl, etc.) are (relative) contraindications to ribavirin. [52] Adverse effects
• Hemolytic anemia may occur within 1 -2 weeks of initiating therapy. It is recommended that pack cell volume be obtained before treatment is initiated and re-obtained at week 2 and week 4 of therapy or as clinically indicated. [52] • Fatal and non-fatal myocardial infarction can occur in persons with ribavirin-induced anemia. Cardiac assessment should be done before commencement of therapy. Individuals with known cardiac compromise will require electrocardiography monitored during therapy. [52] • Hypersensitivity, e.g. uticaria, angioedema, bronchoconstriction and anaphylaxis [52] • Bone marrow suppression (pancytopenia) [52] • Unusual tiredness and weakness [52] • Insomnia, depression, irritability and suicidal behavior have been reported with oral administration [52] • Ocular problems [52] • Mild hepatic and renal impairment [52] 
Drug interactions
Ribavirin inhibits the phosphorylation of zidovudine and ostavudin. [53] Pharmacodynamics Although the mechanism of ribavirin remains unclear, ribavirin appears to be a non-specific antiviral agent with most of its efficacy due to incorporation of ribavirin into the viral genome. [49] When cells are exposed to ribavirin, there is reduction in intracellular guanosine triphosphate (a requirement for translation, transcription and replication in viruses). [49] Therefore ribavirin effectively inhibits viral replication and translation by inhibiting DNA and RNA synthesis. [49] 
Ribavirin in pregnancy
Ribavirin can cause birth defects and or death of exposed fetuses. [52] Studies done on animal species, reveals that it had considerable teratogenic and or embryocidal effects. [52] These adverse effects occurred at WikiJournal of Medicine, 2019, 6(1):2 doi: 10.15347/wjm/2019.002.2 Encyclopedic Review Article even lower than recommended human dose of ribavirin. [52] Ribavirin therapy should not be commenced in females until serum pregnancy test is negative. [53] Care should be taken to prevent pregnancy in females with male infected partners (as it can be secreted via sperm). [53] To prevent pregnancy the female partners should be instructed to use 2 contraceptive (condoms and any other non barrier method) for 6 months after their partners have been weaned off treatment. [53] [54] Note: In pregnancy the goal is to save the mother's life. [47] As ribavirin therapy cannot be started with pregnancy because of the risks it poses to the mother and fetus. [47] Conservative management can be explored in pregnant women infected with Lassa fever, but in some cases labor must be induced to save the mother's life after which ribavirin therapy can begin immediately, especially in third trimesters. [47] Post Exposure Prophylaxis (PEP)
Individuals who come in contact with infected persons or equipment (i.e. via broken skin, mucous membrane or needle stick injuries) approximately within 2 days of exposure, are given 800 mg of ribavirin daily or 400 mg twice daily for 10 days. [55] This was the proposal of Vito et al. in 2010, following their experimental research in Sierra Leone's Lassa ward on only 25 people who were exposed to the virus, all being negative after the prophylaxis. [55] But there is no substantial evidence to support the effectiveness of immediate initiation of PEP. [55] However the CDC recommends placing high-risk exposed individuals under medical surveillance for 21 days and treating presumptively with ribavirin if clinical evidence of viral hemorrhagic fever develops. [56] Prognosis Mortality rate during epidemics can be as high as 50%, [1] About 15 -20% of those hospitalized with Lassa fever die from the illness. [57] The mortality rate of pregnant women infected with Lassa fever is 80%, 87% at second and third trimester respectively and 95% experience fetal deaths.
The occurrence of deafness is 25% in persons cured from the disease. half of these persons regain hearing partially after 1 -3 months. [1] Prevention and control
Main article: Prevention of viral hemorrhagic fever
Initiating good "community hygiene" which will prevent rodents from entering homes. [1] Other steps include storing foodstuffs in rodent-proof containers, good sewage and garbage disposal and keeping ratpredator such as cats. [1] Rodents are abundant in endemic regions and very hard to completely eliminate, so it is advised that contact should be prevented as much as possible. [1] While caring for sick persons, caregivers should prevent contact with all bodily fluid. The government and stakeholder should also ensure safe burial process are sustained. [1] Clinical staffs managing persons infected or suspected to have the disease should maintain standard infection prevention and control protocols when attending to these individuals, despite their postulated diagnosis. [58] [30] Proper isolation of suspected and confirmed cases of Lassa fever, good quarantine protocols, health education and rigorous contact tracing should be employed by the government and health care agencies. [59] Drugs, equipment and appropriate expertise should also be readily available to control the spread in time. [59] Additional information
